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COMPARATIVF, MEASUREMENT OF TOTAL TEMPERATURE IN A SUPERSONIC
T'IRBULENT BOUNDARY LAYER USING A CONICAL EQUILIBRIUM AND
COMBINED PRESSURE-TEMPERATURE PROBE

This report documents results obtained in a comparative
experimental investigation of two probes used for the measure-
ment of total temperature in the supersonic turbulent boundary
layer.
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INTRODUCTION

Whereas the Mach number distribution in supersonic boundary
layers can be obtained with sufficient accuracy from con-
ventional Pitot probe measurements, the experimental determination
of the total temperature requiresa considerable
effort in order to achieve high accuracy. Such reliable
measurements are rniecessary to properly define the flow field
in supersonic turbulent boundary layers.

The purpose of this paper is to report on the results of
a direct comparison of two total-temperature measuring
techniques., This is prefaced in the first part of the paper
by a critical survey of existing total-temperature measuring
instrumentaticn including the bare wire thermocouple probe,
shielded stagnation temperature pribe, mass flow probe,
equilibrium temperature probe and combined temperature-
pressure probe, The main advantages anc disadvantages cf
these probes and their special application will be discussed.
The second part of the paper describes the comparative

R o ! :..-_!“,_.‘ wrom - - ___ R O i oS et et Shint Sl 'h were .
T i | T SN S P PRI BN

probe measurements between the equilibrium temperature
probe and the ccmbined temperature-pressure probe,

SURVEY OF EXISTING MEASURING TECHNIQUES

Measurement Considerations

Conventional instruments for the probing of bhoundary-layer
flows have been developed to measure either the total pressure,

NI s 2 W

static pressure, tntal temperaturc or mass flow. In general,
and for the range of application where perfect gas assumptions

are valid, measurement of any three of the above four quantities
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is sufficient to fully define a local flow field. These
quantities are measured either directly as in the measurement
of the total pressure behind a normal shock wave with a

Pitot probe, or indirectly as in the use of probes which
measure a local surface property which relates to one of the
above quantities through the use of basic perfact gas flow
relations. An example of the latter is the conical equilibrium
teamperature probe which is used to infer the local stagnation
temperature from the measured cone recovery temperature and
Mach number.

In nearly all cases the total-teinperature evaluation is
dependent upon the local Mach number. The Mach number is
generally obtained from the total pressure which is measured
with a Pitot probe. It is widely accepted that the accuracy
of the Pitot probe measurements are affected by three factors:

1. the diastortion of the local £low streamlines about the

orobe in the vicinity of the wall, 2. displacement effects

due to the integration of a nonuniform pressure distribution

over the probe open area which implies the center of pressure

is different from the probe geometric center, and 3, viscous
effects on the probe. These influencing factors on the Mach number
evaluation are present in almost all experimental measurements and
should be considercd in the final analysis. These factors have
been extensively studied for Pitot probes (Refs. 1 to §).

Intuitively, the same factors should also apply to other probing
devices. However, in the ugse of temperature probes the
influences of these factors have not been reported in as
much detail as with Pitot probes. The reasons are that
viscous effects are generally included in the probe calibrations
and, for most applications, temperature gradients in the
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boundary-layer flow field are not as severe as the pressure
gradients and do not warrant a digplacement correction.

Presently there are four basic probe designs ir use
to measure the total temperature. These are the bare wire
thermocouple probe, the shielded thermocouple probe, the
conical-equilibrium temperature probe and the combined
temperature-pressure probe. Each probe has its aspecial design
features and operational limitations.

Bare Wire Thermocouple Probe

The bare wire thermocouple probe generally refers to the
configuration shown in Figure ) taken from Reference 5. The
probe configuration developed by Yanta is essentially a
cylindrical wire aligned with its axis normal to the flow
streamiines. This sensing wire is wade of two small thermo-
couple wires welded together to form a thermocouple junction
at the center. Consequently, tihe instrument senses the wire
temperature at its center. The stagnation temperature is
deduced from a heat-balance equation and empirical expressions
for convective heat transfer to a cylinder in cross flow as
derived in Reference 6. These computations include
corrections for Mach number and viscous effects and wire
support conduction losses. The application of bare wire
probes to hypersonic flow further necessitates corrections
for radiation. I. Beckwith et al. in Reference 4 and
. E. Vasg in Reference 7 both considered heat losseés due to

radiation in addition to the conduction losses.

Due to the small dimensions of the bare wire probe, its
application is ideally suited to boundary-layer investigations
because measurements can be made very close <o the wall.
Because of the small mass of the wire, the probe also has a
relatively fast response time in comparison to the other

probes digscussed herein,
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The limitation of this probe relates to the aerodynamic
loading of the wire at high Reynolds numbers. Early probe
desighs required larg? ratios of wire length to diameter
to minimize conduction losses, A wire length to diameter
ratio between 100 and 200 was generally used. This large
ratio, together with the small wire diameter, usually resulted
in a wire breakage due to high aerodynaric¢ loading. Con-
sequently, the probe was used only in relatively low dynamic-
pressure flows, This large length-to-diameter ratio is no
longer a stringent requirement in probe designs where wire
support temperatures are menitored to provide an accurate
correction for the enu iosses (Se: References S5 and 8)., As
an alternate means of overcoming the difficulties at tle

high dynamic pressures, H. D. Harris, Reference 9, used

[
— & 3 .
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Unfaranacos -
., Peferance .
10. In this arrangement, the tnermocouple wires are mounted
on the thin leading edge of a wedge-shaped probe-tip made of

a heat-insulating material,

Shielded Stagnation Temperature Probe

The basic design of a shiclded stagnation temperature
probe is shown in Figure 2 as dcveloped by E. M. Winkler,
Reference -1, in 1954, The main advantages of this pro «©
are that the thermocouple wire is protected by a shield against
high dynamic pressure loads, and that the thermocouple isx
surrounded by subsonic flow. The subsonic flow in the
probe is maintained by venting the air through a hole at the
base of the probe where the probe entrance area is$ much larger
than the vent-hole arca. A sonic condition exists at the vent-
holes on the condition that the ratlo ot Pitot to static pressure is over-

critical, With a tixed vent-hole opening the mass flow

inside of the probe varies with the free-stream Reynolds
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number, This implies a change of the convective heat transfer
to the thermocouple junction and thue a change in the probe
recovery factor, For this reason, the probe must ve calibrated
over the range of flow conditionas to be investigated.

- ‘ NOLTR 74-10

Further imnhrovements of shielded thermocouple probes have
been made by many experimenters since the early work of
E. Winkler., R, E. Larson and A. R, Hansen, Reference 12,
reduced *he size of such vrobes and P, J. Bontrager,
Reference 13, used a ventad double shiield to minimize
radiation losses at elevated temperatures,

Mass Flow Probe

hT tobtal tomporsture can be evaluatad fyon the

- — L4
et o

measurements of static pressure, tctal pressure, and mass

L P ——— ¢ it

flow, an ind‘re~t measurement of total temperature can be nade

if a means is found of evaluating these guantities, in

particular, the masg flow. 1In 1953, D, Coles, Reference 1, -
propuosed a teciunique to measure the mass flow. If the flow

is supersonic, one may visualize a sharp-edged, tubular

probe with a sufficiently low internal prassure to permit

the existence of an attached shock system a4t the entrance

(See Figure 3)., The probe inlet arca then defines the

: cross section area of the stream tube entrained Ly the probe. a

fared twn metihiods ro measure the mass«flow rate.

-

E L. Ceoles o

In the first method the probe is discharged into an evacuated $

"

receiver for a measured timge interval. The mass-flow rate
! is calculated from the initial and final pressures and 1
i temperatures in the receiver. This methed was used 1

successfully by L, L. Liccini, Reference 14, 1n a hypersonic

boundary=-layer flow. The major conclusions £rom Reference 14
were that the mass flow probe error increased as Reynolds
number was decreased and that a circular probe was more
satisfactory than a rectangular prokbe of the same height,

4
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Figure 3 shows the second method of evaluating the mass flow
ac applied by R. J. ttalker (Ref. 15). 1Ir this case a
calibrated sonic metering orifice, with a diameter larger than
the probe opening, is used between the probe and a vacuum pump.
Boundary layer measurements using the Stalker mass flow probe
were carried out by G. Hovstadius (Ref. 16), Practical
difficulties encountered with the application of this prcbe
appeared in the limited eccuracy of the calibration procedure

used to get the effective probe entrance and the sonic nozzle
diametecss.

In using a mass flow probe, the total tempesrature is
inferred crom the two quantities: mass flux, pu, and the Mach
number, M. Both quantities can be obtained from the same mass
flow probe. 7The mass flux can be determined fro~ the mass-flow
rate measured and an effective probe entrance area. The Mach
number can be determined by disconnecting the vacuum system from
the probe and essentially using the probe as an impact pressure
indicator. This, together with a measured static pressure, permits
the calculation of the Mach number from the Pitot-Raleigh formula.

The prirary condition for the probe to operate successfully
is that the flow must enter the probe undisturbed, i.e., the
stream tube cawptured by the probe mast have the same cross-
sectional area as *“he probe entrance. In supersonic flow this
condition can be attained with a sharp leading-edge probe where
the oblique shock wave is attached to the leading edge. In
subsonic flow it is difficult to define the size of the stream

tube captured by the probe

Combined Temperature-Pressure Probe

The combined temperature-pressure probe, see Figure 4, is
essentlally a modified version of the shielded thermocouple probe
where the sonic vent-holes of the shielded thermocouple prcbe
are replaced by a mass-flow met2ring system. The modification

was based on the calibrations of shielded thermocouple probes

pror ey "\ i
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where it could be conclu-'r . that the dependency of the probe
recovery factor on Reyr . s number could he related to the
mass flow through the probe. A detailed description of such
a probe, its calibration, and application for boundary layer
measuremnents is given in Reference 17.

In order to measure the mass flow through {:e probe, a
metering system is used whereby orifices of known area are
inserted between the probe and a vacuum pump. The mass flow,
and therewi*h the convective heat transfer to the thermocouple,
is cuntrolled by the size of the metering orifice. The orifice
size is selected such that a sonic velocity is assured at the
orifice and the mass flow through the probe can be determined
from the orif.ce open area and the pressure and temperature
ahead of the orifice,

One limitation of this probe recults from the relacively
long response time required to reach equilibrium conditions

g e S e PO, (RN

when exhausting the probe through small orifices at low probe

pressures. Furthermore, in this low probe-pressure range

where the Reynolds number i< correspondingly low, the relative
heat conduction through the probe thermocouple leads can become
large in relation to the low convactive heat transfer to

the thermocouple and a calibration has to he established

for low mass flow rates. One advantage of the probe is that

i~ is particularly adaptable to measurements in complex flow
fields because both the Pitot pressure and stagnation temperature

can be measured consecutively at the same spacial location.

Ce T LNT e 41 SR TR WIS (S WLIAW Y O T

Conical Equilibrium Temperature Probe

The conical equilibrium temperature probe as developed by
J. E. Danberg, Reference 18, consists of a sharp, small
angled cone of low emissitivity, high conductivity meatal
supported by a thermal insulator (See Figure 5). The cone
temperature, measured with a thermocouple imbedded in the
base of the cone, is assumed to be the recovery temperature
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of the cone. Comprehensive calibration measurements endorse

a cone recovery factor calculation based on a laminar boundary
1/2

layer flow assumption, i.e., rp = (Pr)

when radiation
losses are negligible. Based on this assumption, the total
temperature evaluation is reduced to a minimum since only
the cone temperature and Mach number need be evaluated.

The limitations of this probe arise from the difficulties
encountered in constructing probes of small diameter,
For this reason the probes cannot measure as close to the
surface in a boundary layer as, say, the bare wire probe.
Because of the relatively large mass of the cone, temperature
response is also relatively slow and such a probe is not
suttable in a short duration flow facility.

Table 1 summarizes the applications and limitations of
the various probes discussed. The chart should he useful
in determining a particular probe's usefulness and application.

COMPARATIVE PROBE MEASUREMENTS

Test Program

It has been an acceptable practice to demonstrate the

feasibility of a new probe design by comparing the results

€ the new design against the resulcs from an established
design in a well-defined flow field. Such was the case in
the conical equilibrium temperature probe - shielded thermo-
couple probe comparison, Reference 18, and in the fine-wire
stagnation temperature probe - conical equilibrium temperature
probe comparison, Reference 5.

The present report shows the results of a comparison between
the combined temperature-pressure probe and the conical

equilibrium temperature probe. The comparison was made in
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the Naval Ordnance Laboratory Boundary Layer Channel on
the nozzle wall turbulent boundary layer flow at Mach number
4.9 for zero and moderate wall heat-transfer conditions.

Test Facility

The experiments were performed in the NOL Boundary Layer
Channel, Reference 19, shown in Figure 6. The supersonic
half-nozzle has for one wall a flat copper test plate, 2690 mm
long, along which the boundary layer measurements were made.

The opposite wall consists of an adjustable flexible plate

which was contoured to produce a Mach 4.9 zero-pressure-gradient
flow over the flat test plate beginning at 1397 mm downstream

of the nozzle throat. The comparative boundary-layer stagnation
temperature surveys were made at two locatioits along the

test plate, corresponding to 1700 and 2060 mm downstream of

the nozzle throat. The facility was operated at supply
pressures of 1, 5, and 10 atmospheres and at a supply
temperature of 340°K for the adiabatic wall runs and 420°K

for the moderate heat-transfer runs., The wall temperature
downstream of the nozzle throat region was held constant -
through the test runs by cooling the copper test plate with ‘
water. The test conditions are outlined in Table 2. Sincu

the experimental arrangement and test procedures used in

this study were similar to previous boundary-layer investigations

in this facility, Reference 2 should be consulted for further

information concerning the facility, test procedure, and

boundary ~layer characteristics.
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Instrumentation

B i o

The boundary-layer profile surveys were made by simul-
taneously traversing the combined temperature~-pressure probe
and the conical equilibrium temperature probe through the
boundary layer in a double~-probe support configuration as
shown in Figure 7. Each traverse was made from the free
stream towards the plate with a maximum movement of 11
centimeters, Data were recorded with the probes at rest and
only when the probe pressures and temperatures were
observed to have reached equilibrium conditions, The local
Pitot pressure was measured with the combined temperature-
pressure probe. The local total temperature through the
boundary layer was measured with both the combined temperature-
pressure probe and the conical equilibrium temperature
probe. Since the temperature probes were not of the same
diameter nor mounted exactly at the same distance from 7
the wall, the cone probe temperature data were interpolated
to the location of the combined temperature-pressure probe.
This allowed for the coiputation of all boundary-layer
parameters at the same y location,

Data Reduction

The local Mach number was calculated from the measured
Pitot pressure using the Rayleigh-Pitot formula or
Bernoulli's equation depending on the Mach number range.
The computations were based on the assunption of utniform
static pressure through the boundary layer with the static
pressure egual to the wall pressure.

10
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The local stagnation temperature through the bourdary
layer was calculated from the following equation:

T

- p
T, A 8 (1)
r_ + )

P -1 2

L+ 55510

where Tp is the measured probe thermocouple temperature, tp

is the probe recovery factor, and Mp is the probe reference
Mach number. For the conical equilibrium temperature probe
the recovery factor was equal to prl/? assuming laminar

flow over the probe tip. The probe reference Mach number was
assumed equal to the cone Mach number as determined from cone
flow equations, For the combined temperature~pressure probe,
the probe reference Mach number was equal to the local Mach
number and the probe recovery factor was obtained from a cali~
bration of rp versus the mass flux through the probe. This
calibration was cbtained with the probe in the free stream

for a limited range of probe mass flux conditions. The calibiation
is discussed in the next section. The local recovery factor
of the combined temperature-pressure probe was computed for
each location in the boundary layer from the measured mass
flow rate at that location., Finally, the local static
temperature, T, was cbtained from the measured total
temperature and Mach number using the isentropic relation

Tt (2)
1+ 17— M
i1
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Combined Temperature-Pressure Probe Recovery Factor Calibration

Using the experimental arrangement shown in Figures 4
and 7, the calibration of the combined temperature-pressure
probe was made with the probe located in the free.strean
flow of the Boundary Layer Channel. The free-st;yeam
stagnation temperature was assumed egqual to the tunnel
supply temperature and a correlation of the probe temperature
and stagnation temperature was evaluated in terms of the probe
recovery factor, rp, in the form:

T T,
r = -2———.1.-— (3)

where Tp is the measured nrobe temperature,; To‘ the tunnel

supply temperature, and T, the freestream static temperature.
14

The mass flux tarough the probe was evaluated for each
point in the calibration by exhausting the flow in the probe
through sonic orifices. Because of this sonic condition at
the orifice, the mass flux could be galculated from the
measured pressure and temperature immediately ahead of the
orifice, P3 and T3, and the effective diameter of the

orifice, d from the relation:

A’
1
=1 .5 )
l;l =(-2—r ('—I-.-) :rr d-2 P. (2'?2-") (41
(=41 yvli 4 A 3 K13

(s)

12
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Recovery “actor measurements were made for a range of mass

flux conditions by passing the probe exhaust through orifices
of differing diameter., A range of mass flow rates from 2 x 10
to 7 x 10"6 kg./sec. was agtained by exhausting through
orifices with geometric diameters of 0.155, 0.190, 0.246,
0.272, and 0.325 mm. Values of the geometric orifice

diameter were used in this data reduction. In Reference

20, the effective nozzle diameters were evaluated and

used in a4 similar date reduction procedure. This refinement
had reduced the scatter in the calibration data.

7

The recovery factor calibration was obtained for a
constant tree-stream Mach number of 4.9 over a range of
free-stream Reynolds number conditioas. The tunnel supply
pressure ranged from 1 to 10 atmospheres and the supply
temperature was 340°K and 420°K. The results of the probe
recovery factor calibration are shown in Figure 8, together
with a least square polynomial curve fit of the data in

the form
5 .
+ (i-1)
- -am
rp = g;; a; (e ) (6)
Where: o = 0.32240 x 10°
a, = 0.981030
a, = 0.062327
ay = -0.185030
a, = 0.217070

a. = ~0.186120
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Results of the Comparative Probe Measurements

The data described in the text of this report are
documented in the tables of Appendix B. The nomenclature
used in this computerized tabular output is defined in
Appendix A.

Several considerations are worth commenting on at
cthis time concerning the data documentation. First, the
free-stream stagnation temperatures measured with the conical

equilibrium and the combined temperature-pressure probe are

seen to differ slightly for any particular test run. The

main reason for this difference relates to the variation of

the tunnel supply temperature between the time the two

} temperature measurements are made, i.e., the conical

equilibrium probe temperature is measured at the time tre

: Pitot pressure is measured while the combined temperature-

pressure probe temperature is measured at a sligh*tly later

time when the probe is being vented. Because of possible variation
in the tunnel supply temperature and the time lag between subsequent
temperature probe measurements, the local stagnation temperature
through the boundary layer was non-dimensionalized to the

' r‘rvﬁﬁ.’n.xrﬂw“r B R R TM I U ki E

simultaneous free-stream stagnation temperature, All comparisons
, of temperature data are made in terms of the stagnation

; tamperature ratio rather than the absolute temperature.

' It can be noted that for y distances of less than 0.75 mm,

no temperature data are presented for the conical equilibrium

d temperature probe because of the larger probe size and its

- inability to measure as close to the wall as the combined
temperature-pressure prohe. And finally, it must be pointed
out that no viscous flow or probe wall interference
corrections are made to the Pitot pressure data. These

14




L Dt it

B . T )

e Er aodd

NOLTR 74-10

€.

effects are present. However, their influence is restricted

to low Reynolds number data and data very close to the wall,
Because these regimes are associated with the low Mach number
data for these tests the effect on the teitperature evaluation

is minimal as can be deduced from equaticn (1) as M approacres 0.

Comparisons of the measured stagnration temperature profiles
2btained with the conical equilibrium temperature probe and
the combined temperature-pressure prob: are presented in
Pigures 9 to 12 for the two stations and two heat-transfer
conditions. Agreement in stagnation temperature between the two
probing techniques is good with a maximum deviation in
stagnation temperature measurement of the order of 2 percent.
The percent deviation in temperature measurement are
shown in Figure 13 as a function of distance from the
well. The amount of data scatter in terms of temperature
deviation appears to be equal between the data with and without
heat transfer. However, the deviations appear to be greatest
in the inner portion of the boundary layer where the Reynolds
number is low. Under these conditions, the application of both
probing techniques needs further qualification. It should be
noted that the data reduction precedure used in Reference 20
led to smaller differences (:1 percent) between the two temperature
measurements,

In proximity ¢to the wall where the velocity and temperature
gradients are the strongest, both probes exhibit averaging
or éispiacement effecta. Viscous interaction effects, as
previously discussed, are predominant in this low Reynolds
number regime. The conical equilibrium temperature probe data
in the vicinity of the wall could be influenced by the
interaction and possible reflection of the cone shock

wave with the wall, The combined temperature-pressure




oo e e

NOLTR 74-10

probe data need further examination because the exhausted mass
flow rates through the probe were very low at the low

Reynolds number conditions. Pigure 14 shows the range

of mass flow rates experienced in the boundary layer

profiles presented in this report. It is observed that

for the low Reynolds number tests (PO = 1 atm.), the

probe recovery factor had to be d¢ mined almost exclusively
from the extrapolated portion of the curve fit, At these

low probe mass flow rates, it is gquestionable whether the
probe recovery factor is a function of the exhausted mass

flux alone. By plotting the percent deviation in total
temperature as a function of the exhausted mass flux through
the combined temperature-pressure probe (See Figure 15), it
can be sean that the percent deviation in total temperature
measurement becomes larger with decreasing mass flux. It is
still uncertain whether this trend is due to conduction losses
on the temperature-pressure probe thermocouple or due to any
one of the other previously mentioned effects on the cons
probe temperature.

CONCLUSIONS

Probes used to measure stagnation temperature distributions :
in supersonic and hypersonic turbulent boundary layers are i_
discussed. Limitatinns and applications of each probe are
indicated,.

Comparative probe measurements with the conical equilibrium
temperature probe and the combined temperature-pressure probe
lead to the following results:
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The average differences between the measured sgtagnation temper-
atures ir the Mach 5 supersonic turbulent boundary layers with and
without heat transfer were in the range of : 1.0 percent.

At very low Reynolds numbders rlose to tae surface the
deviations increased to about 2 percent.

The conical equilibrium temperature probe is distinguished
by its simple calibration, where the recovery factor can
be assumed constant (rp = (Pr)l/zl. Due to the relatively
large probe size, measurements could not be obtained very
cloge to the wall.

The combined temperature-pressure probe enables one
to measure at one position of the probe the local stagnation
temperature and total pressuce., This can be important
if complex flow fields are to be studied. Due to its
smaller diameter, measurements cluser 0 the suriade

could be made.

Although these investigations yjelded a good agreement,
further work should be undertaken to better classify and
define the apparent discrepancies at low HReynolds
numbers and in the vicinity very close to the wall,

17
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LIST OF SYMBOLS

sonic metering orifice diameter
probe entrance diameter

mass flux through probe
Mach number

probe reference Mach number

pressure
Prandtl num. :r ‘for air, 0.72)

static pressure
Pitot pressure

boundary layer recoversy factov

. - T
=wabe reccvery factor, D —
< Tt -7
gas constant
Dwum

Reynolds number per meter, ”

x>

temperature
velocity
streamwise distance from nozzle throat

distance normal to test plate suriace

adiabatic-wall conditions
tunnel supply conditions
probe conditions

stagnation conditions

20
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Sub.scripts (Cont.)

w

3

Abbreviations

CE

wall conditions

conditions immediately ahead of sonic
metering orifice

free~-stream conditinns

conical equilibrium probe

combined temperature-pressure probe
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CERAMIC 1-{SULATOR

0.50 ALUMEL
3 STAINLESS TUBING
BUTT WELD
. 0.025 CHROMEL
0.50 CHROMEL
THERMOCOUPLE LEADS 0.127 IRON-CONSTANTAN
THERMOCOUPLE
TOP VIEW
) SCALE .
25.4 mm
THERMOCOUPLE LEADS
[ 0.127 IRON-CONSTANTAN
THERMOCOUPLE

SIDE VIEW

FIG. | SCHEMATIC OF FINE-WIRE PROBE (5)
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im0 | B ol

SHIELD

THERMOCOUPLE SUPPORT

IRON-CONSTANTAN
THERMOCOUPLE JUNCTION WALL

FIG, 2 SHICLDED THERMOCOUPLE PROBE (1)

WATER

THERMOCOUPLE HEAT
| EXCHANGER J

00—

| T o ~J

PRESSURE
TRANSDUCER

CHOKED ORIFICE

TO VACUUM PUMP / PROBE
e T L e
' e 15° ‘ -
T s .
‘ 2.8 mm l
'l “PROBE ENTRANCE 9.5° —1

FIG. 3 MASS FLOW PROBE (15)
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THROAY

COOLING PASSAGLES

- INSTRUMENTATION POATS

FLAT TEST
PLATE
FLOW

‘ FLEXIBLE PLATE

e S i Mo i oy i

FIG. 6 NOL BOUNCARY LAYER CHANNEL
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CONICAL EQUILIBRIUM TEMPERATURE PROBE (NOL)

- . -OD 7
COMBINED ~ By=0.75mm
TEMPERATURE- PRESSURE PROBE

) (DFVLR-AVA)

FIG, 7 ARRANGEMEINT OF PROBES
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RUN 108081
Re=25, 62100 8

RUN T
fe=13.2X1

8 g 8

o

fRUN 1080
Rew2 .7 X1 8
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o ©
O CONICAL EQUILIBRIUM PROBSE

O COMAINED TEMPERATURE-
8 PRESSURE PROSE

y{cm)

FIG., ¥ COMPARATIVE TOTAL TtMPERATURE MEASUREMENTS, Xwl 702, T'/Tm:l .0
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frce-stream density
boundary layer thickness
displacement thickness
local Mach number
free-stream Mach number
tunnel supply pressure
local static pressure

local wall static pressure
frec-strecam Reynolds number

axial station

static temperature

freestream static temperature

wall temperature

stagnation temperature

free-stream stagnation temperature
tunnel supply temperature

momentum thickness

energy thickness

: APPENDIX A
t COMPUTER NOMENCLATURE
E The nomenclature used in the computerized tabular output
5 is defined as follows:
[ D p = density
L
! Dk Py =
DEL é =
DSTR &* -
M M =
ME M_ =
‘ PO P0 =
i PS Ps =
PSW Psw =
i RE pwum =
& Ve per meter
1 STA X =
: T T -
g TE T, -
; TW T, =
:
{ TT T, =
: TIiE Ttm =
i TO T, =
TH 3 =
THE BE =
THH 8, =

enthalpy thickncss

[
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U

= u = velocity
UL = = free-stream velocity
) 4 = X = axial distance in flow direction

measured from nozzle throat

distance normal to flat plate
surface

The units used in the computerized tabular output conform
to the International Standard of Units (Ref. A-1) and are
defined as:

ATM atmospheres

CM centimeters

DEG.K degrees Kelvin

KG/M3 kilograms per meter cubed
M meters

M/S meters per second

N/M2 newtons per meter squared

Two symbols are used in the profile data listing and are
defined as:

* denotes boundary-layer thickness, §, where
u/u, = 0.995

denotes free-stream location

Reference

A-1 Mechtly, E. A., “The International System of Units.,"
NASA SP-70Q12
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APPENDIX 8
TABULAR DATA

NOL BOUNDARY LAYEWM CHANNEL PROFILE DAYA

A SO SR I ;!
z
TEEN]

RUN NO, 108051} CONICAL EQUILINRIUM TEMPERATURE PRORBF
STa 1.702€+00 HE = 4,788E+00 DEL = 4,73%¢+00 (M
0 1.030E«06 N/7u2 DF = 1,379F=0] XG/M3 NSTR = 1,79)1E+00 ™
10 3.,3R1E+02 NEG.X TE = 6,053E+0) NFG,.K TH = 1,743F=-01 ru
PSSy 2363t 03 N/Mp HE =2 7,8KRp 02 w/S THE = 3,1TTE«0} Cm
™ 2.959€+02 DEG,LX RE = 2.562€+07 /M THH = 4,153€=02 M
Y (CM) ™ TT/171€ oshE T/TE U/sug
1 80,0000 0.0000 «8753 o 7045 4,8890 0,0000
4 +03us +8859 - - .- .-
3 «0R13 1.0380 «e90e80 2807 4,153 Y3
L] «311R 1.302] «91060 2617 33,8210 25310
5 e 1996 1.533) «91lHT 2874 3.6791 98972
[ 27463 17165 «9168 +3104 3.2221 + 6435
7 95410 2.0293 «9284 « 3516 2e843R8 o T147
M « 7899 2.2988 +9401 + 3917 2.5528 o 76T}
9 le0BbGE 2.6250 « 9551 6458 2.2032 «R211
1 10 19011 3.085%3 «9712 ¢53%3 1.86823 +8807
13 |S535 3.952° PR LY2 « 5354 l1eD6ai 9252
12 2.0460 3.9449 «9900 + 7437 1e34a7 95548
! 13 3.4417 PRYYS & 09959 T 1.1226 + 9840
E e 1a 4,7366 4,7T119 «9992 +3Ta8 10259 29967
156 621189 6, ThB8 «9991] + 9982 1,008 « 99848
*e 16 736889 44,7883 1.0000 1.0000 1.0000 1.0000
17 8.2779 &.8222 1.0006 1.0111 « 9890 1.0015

1R 38,9383 4,8449 « 9992 1.0201 «9801 1.0017
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NOL BOUNDARY LAYER CHANNEL PROFILE DATA

RUN N0, 10805 CORBINED TEMFERATURE-PRESSURE PROBE
STA = 1,782€+00 ME = 4,788E«00 OEL » 4,.734%+080 Cm
PO = 1,030C000 N/N2 0€ = 1,382¢-01 xg/m3 OSTR = ],706E+00 Cn
TO & 3,374E+82 0€6.K TE ® 6,001E+0] DEG.X TH s ] ,786E~0] CM
PSW = 2,3863E+03 N/N2 UE o 7.461€02 n/s THE = 3,25%6E~0] oM
W = 2,951E+02 DEG.K RE = 2,571E+07 1/ THH = 5,000E-02 cM
N Y(Cu) L] IT/1%E os0t Y/T€ UZUE
1 0.0000 0.00800 «8708 02047 4,085¢0 0.0000
2 20305 « 8859 « 9060 22206 44,3742 « 3869
3 +0833 l1.0300 « 9069 + 2399 4,.1678 o 442%
4 «1118 13021 9127 0 2627 3.8069 +5306
5 «19%8 15331 9128 « 2084 3.4669 +5961
6 «2743 le7106% «9178 +3100 3.2257 26438
L4 5410 20293 9295 23512 2.8470 «T151
] «789% 2.2909 9372 23929 24545} « 7659
9 1.0846 C.6250 9679 e 8492 202264 «Al80
10 1.5011 3.085) « 9620 5404 1.850s +8748
11 1.9634 Je5428 «97s) «645) 1.5%02 9211
12 200460 J.9449 «98s7 eT877 143374 +9528
12 3,441 L.3873 « 7954 «89)¢ l1.3219 «9838
* 1le 4.7346 4.7219 + 9999 « 9741 1.0268 «9970
15 6,1189 4,7688 « 9998 « 9938 l1.0066 «99%2
e 16 T.3889 4,7803 1.0000 1.0000 10000 l.0000
17 8.,2779 $,0222 1.0007 1.0110 + 9892 1.0016
18 2.938) 4,8409 1.000% 1.019}) <9813 l.0023
i

:
|
]
i
¢
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IR TIPS

NOLTR 74-10

NOL AOUNDARY LAYEH CHANNEL PROFILE Dafa
PUN NO. 108052 CONICAL EQUILTIBRIUM TEMPERATURE PRORF
STA = 1,702€+00 MF = 4,811F00 DEL = %,645F¢00 CM
PO 3 5.164E+05 N/m2 OF = 6,9T4L=0°7 XG/M3 DSTR & 2,059€«00 CM
TO = 3,3R00£¢02 DEG.X TE = 5.966E+01 NFG.x T 2 2.009€-0] ™
PSW = ],195€+03 N/w2 UE = T,4795+02 u/S THE = 3,65¢F«01 rw
T 3 2.954€+02 DEG.X RF = 1.320F+07 Y1/M THH = 4,890F-02 (w
N Y(CH) L] TT/T1¢ N/DE T/T¢ UZut
1 0.0000 0.0000 «BT37 « 2020 4,951 1 040009
2 +030% «6208 - - ke ~~
3 «04A1 «9123 - et .- .-
& « 0991 1.2813 9210 « 784S 3.9290 «5253
S «2134 1.4548 9212 2727 3.6876 25768
L «3277 1,6739 29245 w2919 3. 4572 +5349
7 e7210 2.0612 3313 +3505 2.8%30 7207
L] 1.2802 2.5R74 «95a4 « 43725 243122 oR1les
9 1.9406 3.E8204 9T 2h +557R 147929 8927
it 2.542% 2,.745) +9849 ohi?2 1.4%52 29403
il 3.1877 0.169]) «9907 «T973 ledda2 1Y
12 35957 4.8125 «99%6 +86TA 1.192R «v808
13 44425 2.59%e «99H9 e 9246 1.0815 +GHSD
la 5.110% 4,h857 «99%49 + 9554 1.0443 v 993
® 15 L X3-L]1-13 4, 7458 «99175 9737 1.0270 « 9956
16 6.,4872 A,TH687 9979 «9812 1.0192 «99h6
194 T.6R40 4,793 LLE <9490 1.0111 «997R

e 1n B.AT73 4.8308 1.0000 1.0000 1.0000 l1.0000




3
3 NOLTR 7410
!‘.
A NOL BOUNDARY LAYER CHANNEL PROFILE DATA
2
} : RUN NO. 108052 CORBINED TEWPERATURE~PRESSURE PROBE
' ; STA = 1.702€+00 ME = 4.831E000 DEL = 5,666E900 CH
3 ; PO = 5,184E05 N/M2 Of = 6.9566-02 KG/M3 OSTR e 2,053£+00 CM
: i TO ® 3,389€+02 DEG.X TE s $,981E+01 DEG.K TH = 2,022€-01 Cw
3 ! PSY = 1,195E+03 N/M2 UE = T.489Es02 M/S THE = 3,673E-0] Cw
1 TV = 2,960€¢02 O£G.X AE = [.I14E00T L/w THM & §.138E-02 CW
;" ‘
o ]
2 i " Y(CH) " TT/TTE 0/0E T/TE u/uE
] !
. i ) 0.0000 0.0000 o8734 .2020 4,949) 0.0000
] | 2 +0305 '8208 8965 .2120 e 7168 2791
- ' 3 20483 9123 +9108 2201 4.4235 03972
i | . +0991 1.2813 «9160 «2559 3.9078 +5263
g H S 2134 le#S47 0147 2748 3.6417 o577
4 ' [} s 16739 «9199 « 29913 3,406 +6334
1 ! 7 JT218 2.0612 +9300 +3510 2.6492 .7203
3 : s 1.2802 2.5674 <9500 ca3s} 2.3038 .8130
: ! 9 1.9406 3.2206 «9700 «5593 1.7880 +8915
% : 10 2.5425 3,7650 «9806 «6901 1.4480 9382
B i il 3,1877 A.1692 99T Toh4 142556 o671
ﬁ . 12 3.6957 4.8125 +9962 +8670 11536 TTY
: . 13 0.4425 4.5954 +9982 «9235 1.6829 +9500
: : 14 $.1105 4.6957 <9983 +9563 1.0458 .9940
, * 15 5,604 4. T4S7 <9979 97304 1.0273 » 9958
; 16 8.4372 s, 7688 «9948 «9803 1.0201 «997;
. 17 7.6860 4. 7934 +9995 «9879 1.0123 .9986
; e 18 8.8773 4,8308 1.0000 1.0000 1.0000 1.0000
!
|
i
{
il
3
- 84
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NOLTR 74-10

PRSIt N

NOL BOUNDARY LAYE~S CHANNEL PECFILE DATR

RUN NO, L0B0S] CONICAL EUULILTIGHIUM TEMPFIATUNE ONONE
STA = ],702500 ME 3 &, 7TRSF 00 DFL = T,17S5Fe0Q ™
PO = J.N06E 05 N/wZ DE 8 lebdAL=02 Xi/My NSTN = 2,5807F¢00 O™
T0 8 3, IN2E=02 NEGLX TE = 0,061F0]1 NFG,X TH = P,S4TE=-01 O™
PS4y = 2,44]00027 N/w2 UF = T,6n8E00¢ “/S Tt = &,024F=~0) C™
tTw 2 2.9R2F 02 NEG.X HE 3 2.6RLte0H |/ Trn = A06TE=02 (M
~ Y {Cw) - 1T717¢ V/LE \TALZ UsuUd
! 0.,0000 v.0000 1% «203? 6,9200 0.0000
? «030% +69%9 .- - LT ow
A 00‘57 11y it - .- -
& »13¢1 928y 97 2290 e300} Y11
L] s 240Y 13508 9402 2610 J. Ha12 «55%n
] PRLYEH 15068 9440 «28%2 3.5047 AP0H
? «e 9309 1.72688 «Dbal « 3031 3,299 +BH543
u LR 1.0051 alsbhéh «3>a? 30804 h9LR
Q 10719 2.1227 o484 JInle 2.T057 7377
10 1-500? 2+951930 o VYN 8248 23959 Y Y17
1l Ce 1930 7.677a IS 2952 2,819 1 BNI8
12 2.hBaR 3.1%300 + 9743 +9%19 6498 171
i3 J.1974 3,4908 QRN 'HROY L0684 « Q347
14 J.BS3? 4, 0978 IS ] 2 1003 1.26%) « 98132
1¢ 4,.35834 4,3039 9905 +A511 1.17a7 «9TeR
1s .04 4 ,499] « 630 9112 1.0975 9850
1? Ao 1995 h 794 «99A0 9681 1.0330 « 993y
LI 7.1708 &, 7329 Al T R Kk 1.0165 20872
19 RelIN? a,758¢ 9940 « 9906 1.0097 LN
e 23 Y008y &, TRS? 1.0000 l.unon 1.0000 l.G000
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NOLTR 74.10

MOL BOUNDARY LAYER CHMANNEL PROFILE DATA

RUN NO. 1080%) COMBINED TEMPERATURE-PRESSURE PROSE
e ],702€+00 NE = 4,TESE00 DEL = 7,17%6+00
s 1,0060E005 m/n2 0€ = |,84)E-02 xG/H) 0STA = 2,561E°00
s 3,3948002 0EG.X 1€ = 6$.,088E+8] OFQ.K T™H s 2.680E-0}
# 2,4816¢02 N/W2 UE = T7,483€+02 W/§ THE o 4,T727€~0)
s 2,976€+02 O€G.nx RE = 2,008E¢06 I/m T = 7,870€-02
vicm L] TT/YTE 0/0¢ T/1€
0.0000 0.0000 « 8763 « 2048 ¢«. 8093
0305 «49%9 28890 2119 47279
« 0457 5118 «8932 2151 4.7300
<1321 «92ut 2 9107 2297 402527
2809 1.35068 9261 22050 33,7739
+3010 1.9804 9319 «289] J.e588
«5309 17287 + 9299 « 3079 32475
«6881 1.805) 192084 «3002 J.0200
1.0719 2.1227 9323 «36%S 247303
1.6802 2.5149 + 9426 +4308 2.3221
2.09306 2.087% 29569 « 4996 2.0015
2.6048 3.3300 9078 +59%9 1.6783
3.1928 3.6909 «9150 «6848 1Y 119
3.8832 4, 8078 19838 1794} 1;26804
4,353e 4,3039 «9898 8819 1.1739
8,078 4,499] 2 9940 «9103 1.0086
&, 1598 4.,4794 « 9977 + 9664 10347
T.1755% 47329 «9979 «9843 1.0160
8.1382 8,7%42 «9%990 «9903 1.0097
9.,0449 4.7852 1.0000 1.0000 1.0000

8-4

usut

0.0000
«22%)
« 2326
« 4050
«%516
8106
«0510
H0%5
+ 7338
«AQOY
«8527
«9018
«8322
19689
« 9748
<9058
1Y ]
« 9869
+9984

1.0000
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MOLTE 74-10

N, ROHNDARY LAVEN CRANNEL PROPILE DATA

AQun NG, 081N CONTCAL FQUILTIRNIUM TEMPENATURE PRORE
STA = 2,0%7F+00 HE » 4,907EQ0 OFL = S,6%9Fs00 M
PO ® 5,171E40% N/W2 UF &= 6,R16E=07 xA/w3  HSTR = 2,262E+00 (W 4
10 8 3.¥86E+82 OEQ.X TE s 5.,A25E+0) NFG.N T™H = 2,060/E~0]1 W ;
PSu = |,132603 N/MZ UE = 7,50A0+02 %/5 THE % 3,719F =01 rw
TN 2 2,396E+02 NEG.X RE = 1,3386007 L/ THH & 3,208€-02 (™
N §(Cu) L] TT/7YTE D/70% T/7T€ UrsuE
% ! 90,0000 0.0000 ARl LTS 5.1432 0.,0000
. » +0305 NI} - -- -- --
ﬁ 3 . 0508 1.0033 .- .- -- .-
A & «0737 1.2272 add haded bl badd
; s 10NN 1.33%) + 9329 « 250 3.9992 YT Y.
: S f120% 1.6013 +9315 o #5171 31,8056 +5632
3 ? olﬁ?' ‘..‘70 «9237 {13! JQ’.°° 5734
n a 1429 1.6038 +9219 2067 3.,707) #5861
E 9 2lhne Le5ans 9100 e J.6l2e L599N
3 1n (2618 145942 9160 W ZEL) 31,9277 YRR
: 1 TR 1.7180 ' 9261 2991 3.3889 NYYE!
: 12 RYYY 1.AR39 9276 23189 3,1983 YYD
2 13 +A382 2.1078 9608 «3851 2.897s 7311 -
| 1o 1.0T14 2.2R81 952R +3096 2.7071 «TAT?
: 15 133?59 2.5029 + 98549 .‘057 ?0.651 +BO0A
: ia 1.5744 2.712% TS A3AA 2.279} H3an
4 17 1.77%5 2.8912 QT2 715 2.1207 «BS580
; tu 2.08499 3.1300 Y 1T «5193 l.92%2 Ty
i ' 'Q ?0270" 3.\199 59923 .55‘11 I.BGOQ .QO’IQ
; 2n 2.5244 3,5503 TEXS 8130 1.631s 9281 )
! 21 2,009y 3. 8199 V9979 8752 1.4811 IS N 1
2? 3,0034 a4,0267 +9922 « 7351 1.4601 9570 |
| PR 3.9617 4. A3AY «99R9 +850% 1.17598 «9809
= i P P +,6256 }o0u s} 909 1. 1888 9909
N 5 2% bY,11m} a4, Ta4? 2 9999 LY ¥ 1.0969 K1 T
' ; * 24 Y,.69Y] A, R24v 1.0027 T L 1,0310 AL
: 27 6.4110 a.AT08 W9971 L9908 1.0098 967
g ! 20 ne9317 “ . BH1T 9994 <9919 1.00u2 .99u0
] ‘ ee 24 T.68Rn .,907] 1,0000 1.,0000 1.0000 1.0000
- * 3n ﬂ.?ﬁ"’ a,vinl 9973 1 oU0DHA 9943 e 999G D
3 i 31 H.9156 TP ETS 1.0018 1.0087 L9913 1.0017
1 !

[ ) QYT Ab
e
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NOLTR 74-10

NOL BOUNDARY LAYER CHANNEL PROFILE DATA

RUN NO. 108104 COMBINED TEWPERATURE=PAESSURE PROBE

2.057€+00 €, 907E00 OtL 5.659£+00
$.171E08 N/W2 G B6BE-02 XG/M3 0STa 2.253E+00
3.372€+02 OEG.X S,797C*01 DEG.K ™ 2.138E-01
14132€+03 N/M2 T.490€+02 /S THE J.88ak-01]
2.979E«02 DEG.K 1,3ASE«0T 1/n Tru 5,000E-02

P

viCu) L] IR TAR]S T/T€

0.0000 0.0000 +8636 5.1368
+0305 +8131 9128 4.,0887
«0508 1.0033 «9149 40292
0737 1.2272 92013 Aollde
+1016 13393 9171 3.9318
1245 1.4013 9172 31.8299
152 18470 «91€9 3, 1545
1029 1e0938 «9155 3.6815
21088 1.5485 9219 3,6238
2616 1.5982 09241 3.557)
«382135 1.7180 9269 3.38%98
+5664 1.8839 19252 J.le7)
8382 2.1076 +9398 2.89648

1.0718% 2+.20880 « 9438 2.6809

1.3258 2+5029 « 9540 20678

1.5748 2.7128 9567 4 2.2510

1.775% 2.891¢ + 968 2.1080

2.0498 2,1299 2 9065) 1.897]

2.2708 3,3200 « 9751 1.7668

245248 31,5503 +980S 1.6196

2.8499 3,200 «984] 1.48606

3,08236 8,0267 «9901 1.3571

J. 9472 4,45389 9938 1.1683

4,569% .,6256 + 9993 1.1009

5,118} [ PRLYY:] 9982 1.0551

5.6591 4,8249 «9987 1.0270

64,4110 4,8700 +9977 1.6100

§,9317 4.,8817 « 9962 1.00e8

8.2677 4,916} 9978 L TY

8,915 A L9295 A LT «9889

[
OOV ~NOWR S WA
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NOLTR 74-10

NCL ROUNDARY LAYEW CHANNFL PROFILE DATA

RUN NO. 10810% CONICAL FQUILTRRIUM TEMPERATURE PRCYE
]
STA = 2,0%7E+00 ME = &,TSHE0D DFL = G 411€E400 (M
PO = 1.0280+05 N/MZ2 NC = 1.,409E~02 XG/~3 DSTR = 2,8%6f «00 (M
T0 = 3,390E¢02 DEG.K TE = 64137E+0) NEGWN TH = P6T6 -01 CM
PEW = 2.,46TE«OR2 N/M2 UE = T.469€+02 M/S THE = &.,B1l2E-01 M
1 Tw 2 3,0P3E+02 DEG.K WE = 2.5TTE06 ) /M THH = &,4845«02 Ch
g :
% N Y (Cth) ] VT/VTE 0/70¢€ T/TE UZUE
~ i 1 0.,0000 0.0000 JA919 «2030 4,926 0.0000
4 r4 00305 .3721 - - - -
K L 3 10569 NYS S - ~- .- -
g [ +0838 6077 «9106 2124 47092 2773
{ s +1168R . 1920 9219 2210 4,5202 + 3542
N 3 <1600 «9230 9289 2326 4,3000 4286 :
H 7 2108 1.17849 9387 2868 4.0512 S9N} 3
" 2819 1.36014 « 9524 22606 3.83715 +H609
9 6273 1.5999 «9501 «3007 3.3297 «+5518 ;
1 18 o271 1.9238 96172 03325 3.0069 - T014 R -
f 11 1.2497 2.107% 682 « 3608 2eT130 « T3RD - %
' 12 1.5850 203098 + 9524 «3929 2495452 TTh%
13 1.,9279 2.5'26 «5665 +423R 7?3594 «B11Y%
16 2,319¢ 2.7863 « 9739 AThA 21072 +R508
i 15 2.7940 33,0739 9815 «5330 1.8761 +88%3
. 16 3,1953 3,346 . 9867 «5939 1.6939 9125
‘ i7 4,0107 3.8511 29932 +T230 13831 .9523
18 6. 8B56 4el281 + 9949 +R022 12866 .969?
. 19 &,9697 &,3428 « 9962 8673 11530 «65806
. 20 Y%L 4.5206 +9982 29260 1.07°9 «9900
. 21 €.0110 4.6630 -1 + 968G 1.0 +9962
22 €.9037 447229 »9998 +9RBY 1.0 2 9386k
e 273 T.6987 441887 1.0000 1.0000 1.7 0 1.6000
24 B,2062 476178 9967 1.0084 4 1.0003
25 £.90743 &, TT3T7 « 9997 1.0065 3% 1,0005
8-9




RUN NO. 108105

STA = 2,057E+00
PO = 1.024E+05 N/M2
TO = 3,394E+402 ULGWK
PSY = 2.46TE+D2 N/M2
TW = 3,023E+02 DEG.K
N Y(Cs) ]
1 0.,0000 0.0000
2 «0306 «3720
3 20559 4680
4 +0838 «6077
5 .1168 7920
6 .1600 .9830
7 .2108 141769
8 «2819 1.3616
_ f 9 +6223 1 « 6999
f 10 9271 149235
i 11 1.2497 2.1074
§ 12 1.,5850 2.309%
i 13 1.9279 2.5125
: 1s 2.3190 2.7862
N 15 2.7940 3.0739
; 16 3.1953 3.364)
: 17 ,0107 3.8511
£ 18 64,4856 4.1281
i 19 €.9657 8.3627
' 20 £,6439 4.530%
L e 2] 6.4110 4,6635
i 22 6.9037 4.7229
: e 23 7.6987 4.7557
t 24 8,2042 re7678
i 25 8.9078 4, T737

Seeran tmten

e T

ME
DE
TE
VE
RE

BRIl Leaidialie i 2 ¢y A an Sl

NOLTR 74-10

HOL BOUNDARY LAYER CHANNEL PROFILE DAYA

COMBINED TEMPERATURE-PRESSURE PROBE

= 4,756E+00 DEL = 6.411€+00
= 1.407€E-02 KG/MI DETR = 2,852E+00
2 6.145E+01 DEG.X TH = 2,722E~-0}
e TebT3E02 M/S THE = 4,8958~01
= 2.571E+06 /M IHH = $.399E~-02
TT/TI1E D/DE T/7TE
8908 «2032 4.9203
9019 «2063 4.8472
9100 «2069 4,832¢4
9100 «2136 4,6%37
°9270 «2198 64,5696
»9302 .2322 4,3059
«9331 L2478 4,0359
9352 + 2654 3.7683
<0428 ¢ 3631 3.29092
29617 «3348 20,9896
«9436 «3623 2:7601
9479 « 3987 2.5333
+9E5% «4287 2.3327
+9682 <4773 240950
«9754 «5364 1.8643
9812 «5972 1et /44
«9904 « (251 1.3792
+9929 « 8039 l.2640
«9958 «B676 1.1526
+9982 « 9259 1.0800
1.0010 « 9676 1.033%
1.0000 + 9883 1.011¢4
140000 1.000 1.0000
1.0009 1.0032 9968
+9995 1.0067 «9934

co
™
cM
CcM

UsUE

0.0000
«1722
«2071%
«2765
«38%2
+ %289
«+ 4972
«5558
oBhY2
06993
« 7382
« 1730
«8069
«8480
<8825
« 9099
«9510
+9682
« 9806
«9900
«9969
29987

l1.0000

1.0009

l1.000%

PP

e
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NOLTR 74-10

NOL BOUNDARY L BYEFR CHANNEL PROFILE DATA

RUN NG. 104091 CONICAL EFQUILIBWIUM TEMPERATURE PROBRE

; STA = },702E+00 ME = 4,914 +00 DEL = 6.,510£+00 CM
j PO = 1.031E+06 N/M2 DF =z 1,101€E~01 xG/m3 DSTR = 1.814E«00 C™
X : TO = 4,255E02 DEG,.X TE = 7.299E+0]1 PFG.K TH = 2,8]19F=0] C™
PSW = 2,290E+03 N/M? UF = B.816E¢02 M/S THE = 4,455F=0]1 CM
TWw = 3,030E+02 DEG.K HE = 1+86TFE«GT 1/n THH =2 1,590E-0] CM

N Y(Cn) L] TT/11€ 0/0E T/TE UL/UE

1 0.0000 0.0000 «7121 2409 4,1511 0.0000

2 « 0305 1.185s - - L e

K] « 07533 1.3R90 .- - - -

4 1118 145790 «8201 ¢313% 3.1898 +ST739

;' ¢ «1981] 17307 «8271 «3316 3.0.%2 «fhll6

E & «2794 l1.832". «8345 ¢ 3445 2.9022 « 6374

" 7 «3837 1.9906 «B454 « 3637 2.7493 5717

A 5664 2.1R68 «8588 «390R 2.5589 7119

e +8179 2.4543 <8787 “43)6 2.3180 « 7604

10 1.0716% 2.7288 +B94S «AT776 2.0946 +R0O137

13 103437 3.0201 29116 «9315 1,331% 8430

12 l1.6485% 21,3342 «9273 +59863 1.6709 +RTBT7

13 20,22 37019 «9434 «hT8% 1.4707 «9136

14 2.3%27 398990 «9530 « 71529 1.3283 «93486

15 2.B346 6,231 «9620 'H1&9 le2241 «9527/

it 3.506862 44,4890 9725 «HBT”S leloed «969h

17 4,4450 46987 «9820 « 9461 1.0570 «9R31

1R S.14]0 4,706 «9860 «9630 1.0384 « M9 3

19 S.RR01 4.8130 «992% + 9736 1.0271 09927

® 20 6,5]00 4,8399 9962 «9790 1.021% « 9955

21 T«6048 6 .R665 «99u3 «9851 1.01651 997«

s 22 85,9078 4.,9139 1.0000 1.0080 1.0000 1.0000




NCLTR 74-10

NOL BOUNDARY LAYER CHANNEL PROFILE DATA

RUM NO, 10809) COMBINED TEHPERA?URE-PRESSURE PROBE
STA = 1,T02E+00 NE = 8,914E400 OEL = 6,510€¢00 M
PO = 1,031E¢06 N/M2 DE = 1,098€~01 KG/n3 OSTR = ]1,813E¢00 CM™
TO = 4,266E+02 DEG,.X TE = 7,319€¢01 DEG.K TH = 2,428E-01 CM
PSy = 2,296E¢03 N/M2 UE = B,427E+02 M/S THE = 4,479€-01 CM
! TW = 3,039E¢02 DEG.K RE = 1.859E¢07 )/M THH = ]1.613E-0} CM
i N Y(CN} L TT/77¢E 0/DE T/77¢E Usut
{
! 1 08,0000 0,0000 «7123 «2408 4.1522 0,000
| 2 <0305 1.1854 <8065 2725 3.6698 4021
: 3 «0533 1.,389) «8161 «2913 3.4328 «5237
{ . el118 15790 «823] Jj2e 3.2018 «57850
i 5 «198}) 1.7307 <8328 «329¢ 3.0359 26137
N 6 «279% 1.8386 «8603 3422 2.922% «8396
7 +3937 1.990¢ 18494 03620 276264 «6733
. ) 5664 2.1868 +8506 «3900 2.5642 « 7126
! 9 «8179 2e6543 + 8759 0318 203160 « 7601
) 10 1.0719 2.7288 «8916 « 4790 2,087% «R023
11 1.3437 3.0201 «9051 +5353 1.868) +8600
. 12 1.648% 3e3343 «9210 «6006s 1.6658 «A757
i 13 2.0022 3.702¢ +9383 «5853 1.45987 +9099
i le 2.3927 3,989} «9483 « 7586 1.,3217 «9333
15 2.834¢ 4,2315 +9601 1.3%.11 1.2217 «9518
16 3.5662 46,4896 «9722 «B8877 1.1265 9697
17 4 ,8450 86987 9840 1YY 10592 2984}
18 5.1410 4.T706 + 9908 96318 1.0400 + 9901
19 5,880} 4,8130 «995] « 9711 1.0298 « 9939
* 20 6.5100 4,83%9 « 9961 29791 le0216 +9954s
21 T6048 4,8645 *9969 « 2865 1.0137 + 9967
e 22 8.9078 4.9140 140000 1.0000 1.0000 10000

R-12




NOLTKk 74-10

NOL ROtINDAMY | AYEw CHANNEL PHNFILF DATA

Riln NO. JURHNSS CONICAL FQUILINRAIUM TEMPERATURE PHORE

STh s 1,707F+00 ME = 4 ATt 00 OFL = +,00835+00 »

PO = 5,1T8BE+05 N/Mwp DE = $,60PE-02 XG/w3 NSTL = 1,95HF <00

TO = 4,730E+02 NEGLX TFE = 7,382F¢0] DFH K T =2 2,723%=0] v

PSw = 1,135F+03 N/WZ UF = H,3R0E+02 4/% THE = 4,98lt~-0] M

Te = J,008E¢02 NFGLX HE = 9,064F«06 /M THe = 1,914F«0]
N YICw) L 117118 0/DE 17% Usuf
3 1 0.0000 v.0000 «T102 2807 6.0863 0.0000
2 «030% «ALlTH - -- -- -
E' 3 20394 0“670 - - - -
f LY « 0633 11797 -- - oa -
] q «091a 1,397 «A073 229496 3.3001 5239
3 s 1372 1.9270 «81m9 3112 3.2133 «SB18
3 7 «PlHe 10550 «R233 3267 3. 060¢ « Q9 3M
3 R LYY 1.7611 A2he 23374 2.9%905 ehlas
1 Q XL 1+A940 0 8387 .35'1 247990 «eHhS0)
: 1 «SThe 2.0806 NYYY: 3713 2.6503 ehble
4 1 «T31n 2.1901 N.LYY.S « JORY 2.95097 «Tl1h
F . 12 RS 203426 Y. T.YY 4217 2.3716 « 1399
- 13 le00871 2+936% «R763 o 4535 2.2090 « 1778
: is 1.267% 2.7152 +8872 «4847 2.0631 «T99Y
16 1.4707 29107 +8983 «521) 19186 «0264
ik 1.6967 3.120s s PVQ7 ¢9650 17699 ol 3In
17 1.R339 3.2531 «Flas «9923 l1.6682 «R&TH
1" 2.0179 3.4781 «9Z76 YY1 19645 +R91?
1 235097 3.7155 «9367 «H9TA 1.4332 <9124
20 2.7026 3,9672 T Y + 7623 1e311A « 9320
2} 3.18C01 62499 « 9562 oHIN] 1.1929 LY-3
2? 3.9626 84,5291 09697 AT 1 146938 «971s
7?3 8,706 &o86328 T8 2 «9423 1.0013 I ThY
) 5,130 a,7307 «YHa s96TIL 1e03690 ohHeT?
24 5.7531 o, TRUZ s YRKA « 9790 1.021s 99049
rd. 6,3957 A HYUY « PR 9843 1.0i%9 «99un
. 27 b, AK3e 4,h39% «99n) « QT l.010e QYrh
e 2R 83,1382 LY. AT 1.0000 10000 1.0000 le000OO
29 Vel Tas 4,917 1.0N033 le0l}l0 e 9BY/ lo003}

8-13




NOL BOUNDARY LAYER CHMANNEL PROFILE DATA

| ARUN NO. 108054 COMBINED TEMPERATURE~PRESSURE PROBE
|
|
! STA = 1,702E+00 AE ® 4,ATSEC00 DEL = 6.883E¢00 CM
: PO = 5,.178E+05 N/MZ DE = 5.435€-02 XG/N3 ODSTR = 1,96}EeNnQ C™
TO = 4,209E+02 DEG.K TE = 7.,315€+0) DEG.X TH = 2,697E-0) Cw
PSW = ],13SE+03 N/MZ UE = B,359E<02 M/S THE = 4.936E-01 CM
Tw = 3,000E402 DEG.K RE = 9,137E+086 1/M THH = },866E~0]1 CM
N Y(CM) N TT/TTE 0/0€E T/TE U/UE
| 0.0000 0.0000 .7128 «2438 4.1017 0,0000
2 +0305 .8178 +7830 e2516 3.9739 «3344
3 <0356 «9670 «7932 *2601 3.8450 «3889
. «0533 1.1797 +R07] «2753 3,6327 4612
5 «0914 1.3976 8172 22957 3,3814 «5271
6 1372 1.5270 .8221 +3100 3,2257 +5625
7 «2184 1.6550 8276 «3250 33,0767 «595¢
e +2946 1.7411 8334 »3349 2.9856 «6170
9 4310 1.8946 +8424 +3544 2.8216 «6527
10 +ST6S 2.0406 <8518 23739 2,6743 6844
11 «7315 2.1901 +8608 «3956 2.5281 oT182
12 «8915 2¢34286 «8703 «4189 2.3874 o TH24
13 1.0871 2.5365 +8807 +4513 2.21%9 «TT45
le 1e2675 2.7152 .8903 «4831 2,0702 «RO13
15 1.4707 2.9107 «8982 «5214 1.9180 «8268
16 1.6967 3.1283 +9104 25545 1.7715 +R540
17 1.8339 3.253) «9157 +5915 1.6906 «A676
18 2.0879 3.4780 +9249 +6425 1.5565 <8900
: 19 2.3597 3.7155 «9345 «6994 1.4298 «9112
. 20 .26 3.9672 «9463 o T617 1.3128 .9323
| 21 3,1801 4.2499 +9588 «8360 1.1962 «9534
| 22 3.9624 4.5272 <9698 TS 1.0936 «9715
l 23 4.4706 4.6328 9769 «9816 1.0620 «9793
| 24 S.1308 +.7307 «9852 29660 1.0352 .9872
! 25 5,753, 4.7801 «9901 «97177 1.0228 «9916
; 26 #43957 4.8109 +9933 +9849 1.0154 29942
: . 27 5.887 4.8335 +9959 +9898 1.0103 . 9965
e 28 8.1382 4.8755 1.0000 1.0000 1.0000 1.0000
29 9,1745 4.9176 1.0000 1.0143 +9859 1.0015

T (R S W O v P

8-14




z

St bt bt s Gt P gt 4t st
QX NPT AP WV DIOITNITSTE W e

[ ]
NNV
PN —-D

e 26

NOL ROUNDARY LAYER CrANNEL PHOFILE DATA

RUN NO, 108055
= 1.702F«00
s |.013E05 N/M2
T 4,210E+02 DEG.X
2 2,632€¢02 N/MP
2 2.990E+02 NEG.K
YI(Cu) »
0.0000 0.0000
«030% « 3857
+ 0356 «O29N
+0R34 &322
«l007 +8581
o132} + 9908
1600 141155
+ 1981 1.2748
« 2540 1.4299
LYY 1.812%
«T747 1.9743
1.03)2 2.1632
2.06%0 29168
243116 3.1012
2.5603 3.2818
3.1801 3.6907
3.8379 4,0565
a.0628 4,3010
S.1384 ©,5007
S.T7302 6 o6035
b.26862 46595
66,9164 .,7035
7.5108 &aT7327
R.1636 6. Th60
99,0449 L, TRT1

L3
3
TE
Ut
wF

NOLTR 74-10

CONICAL FQUILIBHIUM TEMPERATURE PROBE

ALTRTE<0QO
1.136E=02
7.540E401
Be33IFe02
1e842¢ 06

TY/TTE

« 7202
L LY
« 7579
7702
« 7828
« 71904
«RNAT
«323S
8277
«8340
«B67TH
«ATH3
+AR3s
+9018
187
»9331
« 3493
« 9604
9700
JIB0A
+988AR8
«99ab
1.0000

DFL
i/ NSTH
NEG K TH
“s Twe
1/7% THM

0/0€
2522

« 2630
«2711
e 2712
« 28587
2980
«3120
« 3606
3850
+&15R
29577
«5982
« 6395
«739-
«B3nS
«9021
«9T6S
«98AS
«9927
« 9925
«99R2
1.0000

AR,164F+00
24426400
4.049€~-01
7.353€-01
3.520€E~-0)

T/7€

3.9651

3.8024
3.60b86
3.59%5
3.4999
3.355%
3.20a7
2.7748
2,5971
244052
1.7929
1.6716
15638
1.3%20
1,195
1.1086
1.0493
1.024)
1.0137
1.0073
1,007%
1,0018
1.0000

Cut
(ol
M
(o]
CH

U/sUE
N.0000

+ 2820
23483
« 3926
+ 4359
+ 4878
eS5367
«h307
« 86606
«700H
«RALSY
+R3TS
«H573
«HOn4
«924AS
e Fahy
«963])
+9731%
« 9800
+ 9872
«9921
« 9965
1.0000

!
Jf

Iy

ab, Ll

it 3ot B, et ot il




NOLTR 74-10

NOL BOUNDARY LAYER CHANNEL PROFILE DATA

RUN NO. 108055 COMBINED TEMPERATUNE~PRESSURE PROBE

z

Y{CM)

1 0.0000

) 2 «030%
i 3 +0356
4 +08348

5 «1067

6 «1321

! 7 «1600
! 8 «1981
| 9 «2540
10 +6096

; 11 o TT07
? 12 1.82312
; 13 2.0650
! 16 2.311¢
15 25603

1& 2.1801

17 38379

18 44428

¢ 19 S.1384
H r{} 5.7302
! 21 L2662
§ k2 6.9]164
H 23 T.5108
e 24 5.1636

ee 26 940449

g AT pememennt e e e enge

-

0.0000
« 3857
«46298
+6921
«8581
«9908

141155

1.2748

1.4299

1.8124

1.9743

2.3832

2.9168

3.1012

3.2819

3.,65%07

4,0565

4,3009

4,5007

84,6035

64,6595

4,7086

4,7328

4,T7659

4,7872

TT/7%E

27106
« 7420
e J446
« 7652
«7758
« 7847
«71902
« 7994
+8055
«R181
«82286
«828%3
«R635
<8727
8811
<9002
«91 8
9358
«9518
«9638
«9739
«9839
+ 9904
« 9965
1.0000

0/0E

« 2520
20806
2494
« 2565
« 2649
«2731
«¢831
« 2969
«3133
«3627
«3874
+»1583
«5604
«6000
6812
« 7409
«83060
«9011
«9508
« 9739
« 9824
+ 9892
+ 9909
« 9982
1.0000

Ts7TE

3.9676
64,6233
4.0081
3.8988
3.T7757
3.6622
3.5328
3.36886
3.1922
2.7569
2.5811
243%0%
1.7845
1.6667
1.55%6
1.3697
1.19%3
1.1098
1.0521
1.0273
1.0179
1.0109
1.0092
1,0038
1.0000

STA = 1,702€+00 ME 3 6,787E¢00 DEL = 8,164E400 Cw
PO = 1,01IE405 N/u2 DE = 1,136E-02 XG/MI OSTR = 2.442E+00 C™
Y0 & 4,211€+02 DEG.X TE = 7,542€+0]) DEG,.K TH = 4,0)4E~0] CH

PSH = 2,432€+02 N/M2 UE = 8.330E02 /S THE = 7.275€-01 CH
TW = 2,992E+02 DEG.X RE = 1.841E+06 1/M THM = 3,462E=-0] CM

/Ut

0.0000
1616
«1798
+2H55
«3483
«3961
+4380
+ 4888
«5337
« 5286
« 8626
« 8987
+A139
8383
«R562
<8957
9264
«9¢65
Y X
«S74T
«9820
«9889
9932
« 9975

1.0000
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NOL ROINDANY LAYEW CHANNEL PHOFILE OATA

QUN NOs 108101

2.057F 00
1.032t 06
6.235E402
24745€+03
3.0345492

Y(Cm)

60,0000
|0305
« 04058
LYY
JO83H
<1270
1676
22310
2972
8343
«TH95

1.6@63

1.432%

1.8263

Cel9aK

2.6268

3.20%%

EPLLT: R

4,A01R

55,1213

S.,7%31

68,9367

T.0n32

Ho2017

A,9433

“E

N/wW2
DEG.X
N/w2
NEGeX

0.0000
1.0964
1.2163
13629
1.497y
15940
1.6665
17323
1e83s]}
19927
242946
CeBEbE
249078
3.2794
J.H063
3.9977
6,.3082
4 ,5542
8,690}
4,8094
6,3A38
4,9]60
4,971
4,953

DE
TF
UF
VE

CONICAL EQUILTURIUM TERPENATURF PROBF

4,977+ 400
1109k ~01
Tesl26t+0]
B.813L¢02
1e9318 007

TT717¢

AT

OFL
Xi/u) ST
NEG.K ™
L4 Tﬁf
1/m Thr

A,43T7Fe00
2.008€00
7.807F =01
4, TE8&E=01
1a729F-01

T/TE

44,2583

33269
3,2244
3.1483
3,0733
?.9631
2.7981
20985
2.2£38
1.9962
1.7439
1.59507
1.3510
le2lan
1.1213
1.076%
l.0802
1,0205
1.0155
l.ODn?
1.00%1
1.0000

)
e
rm
r.
ru

uzut

0.0000

T L 1Y
«ST5y
YT Y]
bl hint
obh3n0
67004
21297
& £-3
H263
«AT1Y
9032
eQ3ak
« 958
«S700
W 9TH
1.7 4
9911
<9961
QK|
«Q9ry
1.0000




NOLTR 74-10

NOL BOUNDARY LAYER CHANNEL PROFILE DATA

RUN NO. 108101 COMAINED TEMPERATURE-PRESSURE PROBE

2.057€+00 4.972E+00 DEL 6.937E+00
14032E+06 N/n2 1.107€=01 KG/M3 osta 2.002E+00
4.203E4+02 DEG.X 1.139€01 DEG.X ™ 2.623E-01
242466403 N/NZ 8,421E+02 u/S Tug 4.809E-01
3.042€E+02 DEG.X 1.925E¢07 1/» THM 1.754E=0]

x

Y{Cm) L] TT/71E T/TE u/ut

0.0000 0.0000 « 7170 LYY {31} 0.0000
+0305 1.0964 «8002 3.8340 4318
2« 0606 1.2163 +807s 3.7034 0708
+ 0584 1.3625 8129 3,.%232 YY)
+0838 1.4978 8167 3.3510 «5515
1270 1.5945 «A20% 3.2328 +5767
21876 1.6645 « 8256 31577 5949
2210 1.7323 «8318 3.0897 B512%
2972 148340 «8384 2.9790 863067
«4343 1.9927 +8475 2.8076 6716
+ 7598 2.2944 L8433 Eeo¥%E 1290

1.064) 2.5645 +8770 2.2512 «TT39

1.0326 2.9077 + 8964 1.9799 R229

1.8261 3,279 «9lal feT204 +8662

2.1948 3.6062 « 9298 1.5348 +A9B6

2.6264 3,996 «9882 1.343) «9310

3.2095 «,3081 9612 1.2125 «95a}

3.8583 4,5542 «9715 1.1217 9701}

4.4018 4.,6960 « 9798 1.0764 «97199

5.1283 44,8097 «9679 1.0436 « 9883

55,7531 4,8637 + 9925 1.0293 +992%

6.9367 84,9145 « 9965 1.015A «996)

Te6632 4.9470 « 9986 1.0069 +998Y

8.2017 4,9537 «9987 1.0028 «9977

8,9433 4,9718 1.0000 1.0000 1.0000

OB~NP NS WN e




NOL ROUNDARY LBYER CHANNEL PROFILF OATA

RUN ~NO. 108102 CONICAL FQUILIBNIUM TEMPERATUNE PHOHE

2,057 00 &, An8Fs 00 DFL T.030E00
YelT1E+05 N/up 5:50RE«02 wii/m) 0STe 2.142F400
4,220F 002 QEG,™ 3 TelB3Ee0] NFGHX Tw 3,026E-0])
1015¢E+03 N/w2 2 8.3IR86E002 /S THF %.507€~01]
3,020k 002 VEG 9,702k 04k 17 THn ).‘7‘.”-'01

F4

YiCuw) IANARLS T/ UZ7ys

g.0000 ALY A,1021 00000
«CI09 -a - -u
«UaS57 .- - ce
+0%R s e .- .-
+083AR « 7985 J.3605 «507%
0 109¢ «8095 l.2009 «535R
«1348 N L 3.2130 «5538
+J1RRO R18H 3.1130 «HTIH
o231} eAlKD J.0087 «5673
1Ty +A LS8N Pevea? «6060
8423 8292 2. 7957 &80
Y41 M3Kp 246039 ohH19
« 9093 «AS19 2.4315 « 7198

le20la +H673 2.2312 o 71469

le40b? +880) 2.,07a8 « 7924

47043 «R93e 1.90%0 HP20e

1.963a «90n2 1.7553 K514

2.263) e Flva 1.6093 RT4y

2e5324 9285 1.479% G0l

3,198 21X ] 1.2557 29319

3.RE33 «ISTR 1.13%% 0959 4§

a5 1YY 1.0861 + 37023

S.les? 9778 1.0815% T

5.6515 cVHSS 1.,0229 «9RRT

heJBR) 9921 1.0096 «9Ye2

7,335%R LIS 1.0005 9972

T.6378 «9IIN2 1.0019 2 I9M7

A 1815 140000 1.0000 140000

B,929% js0002 AN 1.000%

}
?
3
[
q
a
?
M
9
10
1
[ ¥d
13
1s
15
16
1?7
18
19

NNV NNNYN Y
W AP DS N - D

N
L -




NOLTR 74-10

NOL BOUNDARY LAYER CHARNNEL PROFILE DATA
AUN NO. 108102 COMBINED YEMPERATURE=PALSSURE PROBE
STA = 2,087€+00 ME & &, AGAECCD DEL = 7,03eE+00 ru
PO = S,171€40% N/M2 OF ¢ 5,5216-02 x0/M3 OSTH » 2,.3168E00 M
10 = 4,210€+02 DEG.X TE = 7,380€001 OEG.K TH = 3,0086-01 Cw
PSY = 1,156E+03 N/M2 UVE & 8.3%T7¢+02 w/§ THME ® $,477€-01 C™
T¥ » 3,029€+02 OEG.X RE = 9,2386+06 L/M THH = 2,181E=01 CM <
!
" YiCH) " TT/T1E 0/0€ T/1€ usut §
1 040000 0.0000 L7198 2625 s.1238 0.0000 .
2 «0305 .8353 o T84a «2535 3.9400 J3e11 ;
3 0aS7 140475 +7983 2672 3.7426 sale? i
s «05084 1.1700 +R034 2708 3.6147 4573 |
) .0838 143494 8112 02934 3,407 5122 4
6 «1092 1.8388 .8138 «3032 3.2986 «5373
T «134% 1.5026 «Albe « 3098 3, 2313 %111} 4
[ .1880 1.5818 +8206 « 3191 3. 1330 STST ;
. ] +2311} 16372 +A234 « 32854 3.072¢ «5901 ;
{ 10 .2946 1.7079 A269 $3361 2.,9929 +6075
11 4623 1.8705 <8370 e 3584 2.8220 0481
12 +8756 240852 18461 <3804 2.6288 485} =
3 { 13 29093 202450 +8548 «b089 2:.0450 7218
; 14 1.201s Seb1TH +8708 04464 2:.2604 7625
i 15 1.4402 2.6754 8862 +4820 2,077 «1923
i 16 147083 2.905} A932 +5251 1.9045 H263
17 196304 3. 1270 «9018 «5739 1,7482 JA501 .
! 18 2.2631 339 1918 NI 1.6012 ATT3 ;
! 19 2.5324 3.6034 +9228 06793 1.4720 2989 .
20 3.1963 4, 0709 19880 + 7964 1.2%53 «9278 :
21 3.863) 4,3783 +9549 «AT98 1.1309 9598 }
ee 4,3568] 4,5281] +968) 9192 1.0079 971} j
! 23 5.12%7 4.68083 9799 . 9582 1.0437 T i
: 2‘ 5.65‘5 6.7568 |°‘°7 u976‘ l.oz‘l .9893 ']
28 6.3881 4.8129 <9930 L9007 1e0104 29947 :
1 e 26 700358 .00391 09953 .Q‘ﬁ] 10003’ + 99618 “
; 27 7.6378 ..8528 +999] +9972 1.,002A +9991 |
: se 28 8.1915 0.8638 1.0000 1.,0000 1.0000 1.0000 |

29 6.9256 v, 8742 1.0011 1.002% 9976 1,0009 i




O A S C e e e e - - —
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NOLT 74-10 <

NOL ROUNDANY LAYEW Cranntt PHONILE DATA

RUN 40, 104103 COMICAL EQUILTHOLUM TEHPERATURE PRORF
STaA 5 2,087r 00 ME 3 4,RORESQ0 UEL = #,J0NF*00 (M
0 3 1,0136-0% N/m2 OF 2 1,155k=02 #5/v3  DSTW 5 2,714Fe00 ¥
7 T0 8 &, 1RTFe02 0EG.X TE 2 7,851t 401 NSG.x TH = 4,399F-01 C»
) PSY = 2,47ME 002 N/W? UF = R,3L0Ee02 /% THE = 7,940F«0] M
Tw & 3,03%¢+02 NEG.X NE 3 }.AN4E08 |/w TuM » 3,78026«0) Cw¥
f " YICm} " TTI/TTF /0 T/TE usut
1 6.0000 U080 Ery «P2856 4.07237 a,0000
2 20305 8197 .o .- -- -
3 YR WYY - -- -e -
18 N EAN 5956 - - - -
5 BELS) eHls] «T6uUB 2649 A, 7792 X241}
& » 1851 1.063% JTROA «2TV8 A,5786 ohinh
? AT L 142521 L1937 2905 3,3957 sEHN]
" 3800 1.5%64 281a) 3261 3.0m9) RLY-LYY
‘ Q «599¢ 147879 Bl 74 3521 2.8399 hltl
] 10 <REYO 1eGagy A2%7 3782 2.643A 8873
B 11 Tttty 2.1248 ~A2Q) YY) 20005 91 u
12 1.4630 2.312% 8302 ed30e 2.27497 JT2R0
1 13 1oR1 34 2.5209 R50h L7581 2,1050 7610
5 1s 2.1ute 2:Th82 8593 5268 la9007 $79%3
- f 1% 2.5624¢ ?.9973 «RTUY «ST1a 1.7%00 eR2%0
; 14 3.ivo? 3.y T J8710 lewvud 717
R4 3. 8532 3.8516 «907s o719 1.285% «Q0hH
in ‘.3«0' ..‘3'2 49“‘6 ."“bo ‘llOC‘B «930%
18 9.11m1 43903 +Q39n0 e 92483 1.0307 495104
20 9 ,ATTH s .9The 9531 T YT 1.03¢e OhTH
21 A, Tnet 4, 7039 9750 ETRE 1.0008 TP
2? T.Td51 4,773 TTS TeG0Z2 RT3 19921
* 23 Ha308% &, 1008 + 3940 10002 9898 9946
] es 24 FICY TS YY) 1.0000 1.0000 1.0000 1.n000
3

:
!
13
:
i
:
y
!




NOLYIR 7410
NOL BOUNDARY LAYER CHANNEL PROFILE DATA
AUN NO. 108103 COMBINED TEMPERATURE-PRESSURE PROBE
STA 2 2,087€+00 HE = 4,N06E+00 DEL = B8,3006E00 C™
PO 8 1.,013€+05 N/u2 OF = 1,159E~02 XG/M3 DSTR = 2,725E+00 Cu
TO = 4,)T8E¢02 OEG.X TE = T.827€+01 DEG.X TH = 4,339E-0] CM
PSY » 2,428E402 N/W2 UE & B8,302E+02 M/S THE = T7,830E-0] Cw™
Tw = 3,036E+02 OEG.X RE = 1,903£208 1/M TMM = 3,650E«0] CM
N Y (CH} ™ TY/TTE 0/0€ T/TE UZUE
1 0.,0000 00,0000 7275 2044 4.0883 0.0000
2 «0305 «0107 « 7430 2476 4.0392 JAN7
3 <0482 4599 « 1537 L1} 4,063% « 1929
. +0711 «59%3 « 1656 2489 4.0176 2« 2480
5 1143 LY « 7782 2603 3.8410 « 3320
[} 1651 106135 « 7902 «2761 J.62168 4211
7 .23Q8 102520 .“039 .290“ 3.‘393 .Q831
[} <3480 1.5562 8119 +«3251 3.0783 5872
9 «5994 1.757¢0 .8182 +3518 248428 b164
10 +A890 1.,9429 «8253 13784 206426 «5572
11 1.1405 2a1247 52082 «4089 240058 A9l
i 12 10630 2.3128 «B8357 «%%27? 2.269% 17249
l 13 1.8130 2.5208 +A4B2 HT64 2.0990 « 7599
. 1s 2.1819 2.7882 «B606 »5237 1.9096 « 7959
i 18 2.5629 2.9972 +RTOR 5715 leT497 R0
16 3.1902 J.N318 +8882 «6723 1.4875 «RT109
17 3.8532 3.851% « 9067 « 7786 12844 .9082
{ 18 ‘c-‘qﬁ., a,1371 9215 2« 8542 101707 1 Q314
: 19 5.1181 4,.3942 29383 9220 1.0868 ' 9522
| 20 S5.,8776 0, 5766 N 11%4 9662 1.03%0 29688
| 21 67843 44,7037 RCY LYY +9897 1.0106 .9838
i 22 77,7051 4,773% 9918 «9913 1.0C27 e 9946
i s 23 86,3058 4,79064 «995% «9992 1.0008 .9911
! se 24 8.9256 4,8060 1.0000 1.,0000 1.0000 l.0000
1
H
i
, {
X
3
4
§8-22

P TN * N TR P N



